The Phonetics of Word Final Stop Consonants 1.1 Materials
Data were collected in Brazil with 4 male subjects. Measurements were made to record acoustic, aerodynamic and articulatory data. All subjects contributed to all of the different modes of recording and measurement. Acoustic recordings were made with a Shure headset microphone, which enables the maintenance of a constant distance between the subject's lips and the microphone. This method allows data to be recorded in a way which is both comfortable for the speaker and prevents amplitude variations due to head movement during recording. Acoustic and aerodynamic data were recorded with a portable MacQuirer workstation and have been processed with the Signal Explorer and Formants software. The recordings were digitized at 20 kHz. Video data were recorded with a Sony DV camera which captures images and acoustic data simultaneously. Finally, palatograms and linguograms were made using stimuli containing intervocalic and word-final alveolar nasals. 1.2 Methods Acoustic data were recorded in two sessions: the first time separately from the aerodynamic measurements, the second time in tandem with those measurements. In each recording session, subjects were asked to repeat each of the words in (1) multiple times: once in isolation and three times in a short carrier sentence, Karitiana haadna pip X nakaat Y 'In Karitiana X is Y' (where Y is the gloss of X in Portuguese). Length measurements were made on the audio waveform using a spectrogram. The duration of inter-vocalic nasals was measured starting from the last cycle of the preceding vowel to the first cycle of the following vowel. When in initial position, this was done from the first observable cycle of voicing to the first cycle of the following vowel. The duration of final nasals was measured starting from the last cycle of the preceding vowel to the last observable cycle.
The aerodynamic data consist of pharyngeal pressure, nasal airflow, and oral airflow measurements. Oral airflow measurements were taken with a small flexible silicone mask placed against the mouth. Nasal airflow was measured with a nasal mask set around the nose. Pharyngeal pressure was recorded with a small flexible plastic tube (ID 2mm) inserted through the nasal cavity into the oropharynx for one subject. One session involved the recording of acoustic and aerodynamic parameters simultaneously and another session recorded only oral and nasal airflow. In both cases, the microphone was placed next to the mask used to record oral airflow.
As the three other subjects did not tolerate the tube used to make pharyngeal pressure measurements, pressure measurements were only made for labial consonants with those subjects. This was done by asking the subjects to hold a plastic tube (ID 5mm) between the lips.
Articulatory data were also collected in two different sessions. The first involved simultaneous recording of face and profile images using a digital video camera. Profile images were obtained by putting a mirror against the cheek of the speaker, at a 45° angle to the sagittal plane. These data were intended to study the relative timing of lip movements during the realization of the sounds [m', n', r]']. The camera was used in order to allow for comparisons to be made with non-final (released) nasals. The audio signal was recorded simultaneously by the camera. The second session involved the use of the "classical" method for making palatograms and linguograms (Dart 1991 ) . Subjects were asked to pronounce a word containing the consonant under study after their tongues or palates had been painted with an equal mixture of charcoal and olive oil. In the case of palatograms, a mirror was then inserted into the mouth and the print on the hard palate was photographed with the video camera. For linguograms, subjects were asked to pronounce a word after their hard palates were painted with the charcoal/olive mixture. The print on the tongue was then photographed with a video camera.
2.
Results 2.1 Acoustics 2.1.1 Stops Results from the acoustic measurements, presented in (3a-d) show that formant transitions always identify the place of articulation of the consonant. Analysis of the corresponding audio waveform shows that these consonants are indeed stops with no bursts. There is no burst at the end of the spectrogram of [kat ') 'to sleep' in (3a). Starting from the velar transition, there is a lowering movement of F2 towards the locus of the alveolar consonant and a rising movement of F3 towards the locus estimate (2500 -2700 Hz). Figure ( 
Nasals
Acoustically, the main feature differentiating a non-final nasal, which is in fact a post-stopped nasal (see Storto & Demolin (2002) Results of aerodynamic measures show that when the closure is maintained until well after the word, as for an unreleased stop, pharyngeal pressure dissipates gradually. Sometimes an increase in nasal flow can be observed at the beginning of the final consonant, as can be seen in (5). When an unreleased stop is followed by a word starting with a voiceless stop consonant in a compound form or in a sentence, a burst is produced because pressure is released sharply. Sometimes, but much less frequently, the unreleased stop assimilates completely to the following stop without any observable drop in pressure (see Sections 3.1 and 3.2 for more details on this phenomenon). In context, a clear drop in pharyngeal pressure can sometimes be observed between two consecutive voiceless stops, the first being the final consonant of a word and the second the initial consonant of the following word. This drop in pressure accounts for the observed burst, but it should be noted that it marks a pause between two words and not a complex consonant cluster.
Unreleased stops in Karitiana

Nasals
It can be observed in (6) that an increase in nasal airflow starts when the oral airflow stops. Note that nasal airflow is maintained well after the nasal voicing ceases. The maintenance of nasal airflow and also of lip closure accounts for the unreleased nature of these nasals, which differ from post-stopped nasals that are realized with a clear burst when the lip closure is released (see Storto & Demolin (2002) for a detailed description of post-stopped nasals).
(6) Spectrogram, waveform, pharyngeal pressure, and nasal airflow for [porn'] 'to play'
Articulatory Data 2.3.1 Palatograms and Linguograms
The main observations that can be made from the palatograms and linguograms realized with the speakers of this study is that when a stop is unreleased word finally it has a wider tongue contact compared to the same stop in intervocalic or initial positions. This can be seen in (7), which shows palatograms and linguograms of the words [pat'] 'macaw' and [ota] 'friend' for one of the speakers. In addition to a wider contact, unreleased stops also have a more fronted articulation. Figure (8) shows a comparison between an intervocalic and a wordfinal nasal in the words [man'] 'husband' and [on1] 'that'. As for the stops, it can be seen that word final nasals have a wider and more fronted tongue contact. The same patterns of contact have been observed with the other speakers of the study. (7) Video data provide a good way to observe the behavior of labial consonants. When they are not followed by a pause or at the end of a sentence, unreleased stops become voiced if followed by a voiced segment. If a voiceless stop consonant follows, the unreleased stop is exploded. In a few cases it has been observed that an unreleased stop assimilates completely to the following voiceless consonant, which geminates. These cases are described in the following sections.
Progressive Assimilation of a Nasal to Place Features of an Oral
The examples given below in (12), (13) and (14) show examples of the assimilation of the nasal place features to the preceding oral. For example in (12), the word [?edna] 'pregnant' is realized when the final unreleased stop [f] assimilates to the voicing features of the following nasal when a suffix [na] (adjectivizer) is added to the word [?ef] 'child'. This can be summarized by (11) which states that an unreleased voiceless stop becomes voiced when followed by a nasal. . In the first there is clear acoustic evidence of voicing whereas in the second voicing does not appear in the acoustic signal but voicing is perceived probably due to the short duration of the inter-segmental period.
(12) ?er + na > ?ed na 'pregnant' child adjectiviser (13) ?op' + na > ?obma 'pierced' hole adjectiviser (14) andik' + na > andigl)ii 'with buttocks' buttocks adjectiviser
Vowel epenthesis
unreleased stops assimilate or are exploded and resyllabify as the onset of the following syllable.
